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Meeting ReviewEntrails, Heart, Brain,
Limbs, and Lymphatics—
A Recipe for Success?
the ability to inactivate genes in mouse with an increas-
ingly refined spatial and temporal control. For example,
we heard from Marie Kmita and Denis Duboule (Univer-
sity of Geneva) about the generation and analysis of
mice where the entire HoxA complex has been deleted
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Kansas City, Missouri 64110 in their limb fields, alone or in combination with the
deletion of the HoxD complex, in the latter case resulting
in the complete lack of Hox gene expression during limb
bud development. Such tissue-specific inactivation wasA recent Juan March Foundation workshop entitled
Developmental Mechanisms in Vertebrate Organo- necessary because inactivation of Hoxa13 is lethal to
the embryo before limb patterning can be assessed.genesis brought 50 developmental biologists together
in Madrid to share some of their latest findings. Dis- Similarly, Sue McConnell (Stanford University) is having
to resort to tissue-specific inactivation to investigatecussion topics included ectodermal organs such as
the central nervous system (CNS) and skin, mesoder- the role of individual BMP and FGF receptors during
telencephalon development.mal organs such as the heart, limb, vasculature, and
kidney, and endodermal organs such as the pancreas A powerful and often most informative variation on the
theme of tissue-specific inactivation is recombination-and liver. Discussions extended into the late hours of
the night as the meeting participants indulged in tast- based lineage tracing. Chris Wright (Vanderbilt Univer-
sity) reviewed data on the inactivation of the pancreaticing some of their favorite organs, in the form of Spanish
delicacies. transcriptional regulator gene Ptf1a: in the absence of
Ptf1a function, the cells that express this gene switch
their fate and become part of the duodenal epitheliumIn the early 1990s, as developmental biologists were
(Kawaguchi et al., 2002). As Wright further illustrated,making clear strides toward understanding early embry-
such recombination-based lineage tracing can revealonic events such as axis formation and mesoderm in-
important gene expression pattern information that isduction, it became clear that the field was ready to
not easily obtained by more traditional methods. Clifftake on later events, namely the formation of individual
Tabin (Harvard Medical School) also made clever useorgans (Figure 1). Investigating organ formation involves
of this technique to follow the fate of Shh-expressingthe familiar questions of cell differentiation and morpho-
cells in the developing limb and ask specific questionsgenesis but, due to the relatively late emergence of or-
about the propagation of long-range signaling from thegans, presents particular technical challenges. For in-
ZPA. By using a Cre-GFP fusion protein, he was alsostance, approaches such as mRNA injections into early
able to determine precisely where Cre was being ex-Xenopus embryos have been instrumental in studying
pressed, and thereby assess the efficiency of recombi-early developmental events but are ill suited to study
nation. Jon Epstein (University of Pennsylvania) is ana-later events such as organogenesis. In addition, inacti-
lyzing the precise contribution of the neural crest tovating key developmental genes in mouse often leads
cardiac structures, and to help him follow the fate ofto the failure of the embryo to progress to the stages
these cells has used a neural crest-specific elementwhen organogenesis is taking place.
from the Pax3 promoter to direct Cre expression. TheseGiven the limited genetic toolkit available to the verte-
and other lineage studies are leading to unique insightsbrate embryo, it has been widely assumed that develop-
into various developmental events, and more of an effortmental biologists working on different organs would find
will hopefully occur to transfer this powerful technologycommon ground and benefit tremendously from lis-
to other vertebrate systems.tening to each other. Guillermo Oliver (St. Jude Chil-
In order to be able to study the role of the TALEdren’s Research Hospital, Memphis, Tennessee) and
homeobox gene Meis at different stages of develop-Miguel Torres (Centro Nacional de Biotecnologı´a, Ma-
ment, Miguel Torres presented a conditional knockin ofdrid) therefore organized a workshop to bring together
the Meis1a isoform gene, where the Meis protein is fusedscientists working on the development of different verte-
to a hormone binding element. This fusion protein isbrate organs. The goals of this meeting review are to
translocated to the nucleus only upon Tamoxifen treat-summarize how the field has dealt with the technical
challenges stated above, present some recent biological ment, behaving as a knockout otherwise. This method
insights gained from studying vertebrate organ forma- therefore allows good temporal control of gene inactiva-
tion, and discuss what we can expect from the field in tion. In summary, these and other recent technological
the near future. advances in mouse genetics are allowing a level of con-
trol of gene expression unprecedented in a metazoan
Technological Advances system and will undoubtedly contribute greatly to our
Probably the most important advance facilitating the understanding of vertebrate organogenesis.
study of later events during vertebrate development is Forward genetic analyses have revolutionized our un-
derstanding of many complex processes from segmen-
tation of the Drosophila embryo to apoptosis. Tech-*Correspondence: didier_stainier@biochem.ucsf.edu (D.Y.R.S.),
olp@stowers-institute.org (O.P.) niques have recently been established for such an
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accelerated hair development, and longer hair, as well
as supernumerary mammary glands and enlarged seba-
ceous glands (Mustonen et al., 2003). These and other
data clearly indicate that the EDA signaling pathway
regulates several aspects of ectodermal organ develop-
ment and do so from an early stage. Interestingly, this
pathway has also been implicated in the formation of
fish scales (Kondo et al., 2001), illustrating its importance
and conserved function during the evolution of ectoder-
mal organs.
Novel technical developments using the chick embryo
were also discussed. For instance, Franc¸ois Guillemot
(Mill Hill, London) reported the use of an in vivo transacti-
vation assay in chick embryos to examine the role of
the proneural transcription factors Mash1 and Ngn1 and
2 in regulating Dll1 expression (Scardigli et al., 2003). In
these experiments, wild-type or mutated reporter con-
structs of the Dll1 promoter were electroporated in the
developing CNS together with cDNAs encoding one of
the proneural proteins. Such experiments allow the rapid
characterization of the specificity of binding sites prior to
the more demanding transgenic mouse manipulations.
With these and other tools in hand, clear progress has
been made in the analysis of several signaling pathways
during vertebrate organ development, and we now dis-
cuss a few of the biological highlights presented at the
meeting.
Biological Advances
The FGF growth factors represent a large family of mole-
cules involved in the control of important processes
such as cell division and differentiation, and are critical
for the growth and shaping of many organs. FernandoFigure 1. A Baroque View of the Anatomy of Human Organs
Gira´ldez (Universitat Pompeu Fabra, Barcelona) andA tabulae anatomicae by Pietro da Cortona (1596–1669), one of the
Thomas Schimmang (University of Hamburg) providedprincipal artists of the Italian High Baroque. Image used through
the kind permission of the John Martin Rare Book Room, Hardin a nice illustration of the repeated use of these factors at
Library for the Health Sciences, University of Iowa. various stages of auditory system development. Using
gain- and loss-of-function experiments in chick, mouse,
and zebrafish embryos, they showed that FGF10 acts
redundantly with FGF3 to specify the otic vesicle, whileapproach in vertebrates (zebrafish and mouse) and sev-
eral screens are currently under way for genes regulating FGF10 appears to play a later role in the specification
of the neurogenic area in the vesicle. Olivier Pourquie´vertebrate organ formation. For example, Didier Stainier
(UCSF) reported on the results of an endodermal organ (Stowers Institute) also discussed the role of FGF8 in
the process of axis elongation, and presented data onscreen that made use of a zebrafish transgenic line ex-
pressing GFP in these tissues (Field et al., 2003a). An- the regulation of FGF8 production that reveal a novel
mode of morphogen gradient formation.other powerful genetic approach is to take advantage
of the ever increasing human population and the ability Another pathway that is often intimately associated
with FGF signaling is BMP signaling. For example, inof the medical community to recognize and diagnose
increasingly more subtle phenotypes. Irma Thesleff (Uni- the developing limb bud, the BMP antagonist Gremlin
is required to maintain the Shh/FGF-positive feedbackversity of Helsinki) expanded on the TNF pathway dis-
covered through the cloning of genes that cause human loop (Zuniga et al., 1999). Aime´e Zuniga (University of
Utrecht) reported the generation of Gremlin-deficienthypohidrotic ectodermal dysplasia (HED) syndromes
(which include defects in hair, teeth, and several exo- mice whose phenotypic analyses appear to confirm the
interpretation of their previous manipulations. In addi-crine glands) and further defined by analyses of the
corresponding mouse mutants (Tabby, Downless, and tion, these mice display an early block in kidney develop-
ment, suggesting a critical role for Gremlin in this pro-Crinkled; reviewed by Thesleff and Mikkola, 2002). The
three key components of this pathway are the TNF li- cess. Because of its intricate patterning as well as the
ability to manipulate and visualize it, the limb has fasci-gand, ectodysplasin (EDA), its death domain-containing
receptor, EDAR, and the death domain adaptor mole- nated developmental biologists for several centuries.
Yet many critical questions remain to be answered. Forcule, EDARADD. In recent experiments, her group has
shown that mice lacking functional EDA lack some teeth example, we heard from Marian Ros (University of Can-
tabria, Santander) about the role of Gli3 in limb forma-as well as the first wave of hair follicles, while mice
overexpressing EDA in the ectoderm have extra teeth, tion, specifically about whether it might function outside
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the Shh signaling pathway. And while Shh itself has transcription factors by comparing the transcriptome
of wild-type and mutant organs was also discussed intraditionally been regarded as the morphogen emanat-
ing from the zone of polarizing activity, Cliff Tabin re- several talks.
Not surprisingly, the meeting was permeated withviewed the data supporting this view and asked exper-
imentally whether in fact BMP2 could be the true medical undertones and this fact was best illustrated
by the talks on the formation of the lymphatic system.morphogen.
Notch signaling, initially identified from genetic stud- Guillermo Oliver emphasized the role of the transcription
factor Prox1 in this process. His group has previouslyies in Drosophila, is omnipresent in developmental deci-
sions. This fact was reinforced by David Wilkinson (Mill shown that Prox1 is an essential regulator of lymphatic
system development (Wigle and Oliver, 1999), and fur-Hill, London) who spoke about the establishment of
boundaries in the hindbrain. Previous work from his and ther data have indicated that this factor is required for
the maintenance of the budding of venous endothelialother laboratories has shown the importance of Eph
signaling in restricting the intermingling of cells, and a cells (which give rise to the lymphatics) as well as the
differentiation of these cells toward the lymphatic phe-series of elegant experiments in zebrafish now impli-
cates Notch signaling in the formation of boundaries notype. Therefore, it will be most interesting to analyze
the sufficiency of Prox1 in this process, and such experi-between hindbrain segments (rhombomeres). Bound-
aries also form between the chambers of the heart, and ments are underway. Nicholas Gale (Regeneron) showed
recent data indicating that Angiopoietin-1 (Ang1), whosevalves develop at these boundaries to prevent retro-
grade blood flow. Jose´ Luis de la Pompa (Institut de roles in vascular development are well established, is
capable of eliciting circumferential vascular growth dur-Recerca Oncologica, Barcelona) presented data indicat-
ing that Notch plays a critical role in the early steps of ing a postnatal period of vessel plasticity. He also
showed that Ang2, whose role in vascular developmentcardiac valve formation, possibly via the regulation of
the cellular adhesion system. Thus, Notch signaling ap- had not been well understood, is required for postnatal
vascular sprouting and regression, as well as the forma-pears to play several roles in segmentation processes
including the regulation of the somitic clock (reviewed tion of the lymphatic system. Swapping Ang1 for Ang2
rescued the lymphatic, but not the vascular defects ofby Pourquie´, 2003) as well as the formation of morpho-
logical boundaries. the Ang2 knockout, suggesting that Ang2 acts as an
antagonist in the vascular system but as an agonist inIn addition to studies highlighting the numerous roles
of these signaling pathways in vertebrate organogene- the lymphatic system (Gale et al., 2002). In addition to
their role in the formation of blood vessels and lymphat-sis, the important question of growth control was ap-
proached in several talks. Fabienne Pituello (Centre de ics, endothelial cells have also been implicated in the
early development of the liver and pancreas (LammertBiologie du De´veloppement, Toulouse) presented data
on the control of Cyclin D2 expression in the neural et al., 2001; Matsumoto et al., 2001). Ken Zaret (Fox
Chase Cancer Center) pursued this theme in the contexttube by FGF8 emanating from the adjacent presomitic
mesoderm. Anne Calof (UC Irvine) reviewed data on of the formation of the dorsal pancreatic bud and pre-
sented a model outlining the way that different mesoder-the importance of GDF8/Myostatin and GDF11 in the
proliferation of skeletal muscle and neuronal precursors, mal cell types, endothelial and mesenchymal cells, pro-
vide signals that combinatorially pattern the endodermrespectively. In the mouse olfactory epithelium (OE), her
group has elegantly shown that GDF11 and its antago- into different tissues. In addition, data shown by Seppo
Vainio (University of Oulu, Finland) further suggested anist, Follistatin, are critical regulators of neuronal cell
number, and that, in vitro, GDF11 inhibits OE neurogen- role for endothelial cells in the patterning of the kidney.
Interestingly, in zebrafish, while endothelial cells appearesis by inducing increased expression of the cyclin-
dependent kinase inibitor, p27Kip1, and reversible cell to play important roles in kidney development (reviewed
by Drummond, 2003), they do not appear to be requiredcycle arrest in precursor cells (Wu et al., 2003). Interest-
ingly, studies of GDF11; Follistatin double mutant mice for the early formation of the liver (Field et al., 2003a) or
pancreas (Field et al., 2003b). Clearly much remains topoint to the existence of additional regulators of this
pathway. Tom Curran (St. Jude) discussed the role of be learned about the role of endothelial cells during
vertebrate organ formation.the Shh pathway in the growth of medulloblastomas as
well as potential therapeutic avenues to block the One of the major conclusions of this meeting was
undoubtedly that the field of vertebrate organogenesisgrowth of these tumors.
We also heard about the role of transcription factors in is now back in full force, having moved from a purely
descriptive era to one focused on gene identificationthe control of cell type differentiation in various organs.
Franc¸ois Guillemot reported on the divergent functions and molecular mechanisms. It is also evident that sev-
eral new technologies will have a strong impact on thisof the proneural proteins Mash and Ngn in the specifica-
tion of forebrain glutaminergic and GABAergic neuronal field in the near future. For example, as more organ- and
cell-specific promoters become available, conditionalsubpopulations. The role of Pax4 in regulating intermedi-
ate steps of pancreatic cell differentiation was dis- gene inactivation in mouse will allow the study of individ-
ual genes in given organs in the context of an otherwisecussed by Beatriz Soza (St. Jude). Working in the retinal
epithelium, Paola Bovolenta (Instituto Cajal, Madrid) wild-type animal. In addition, as more genes critical to
vertebrate organ formation become identified, the fieldpresented data illustrating the role of a transcription
factor network including Otx2, Pax6, and Mitf in control- will be able to make the necessary transition toward
analyzing morphogenesis, that is, the behavior of theling the expression of the melanogenic genes and the
differentiation of the pigmented epithelium. The use of cells and tissues that make up these organs. After a
decade of developmental biology partly focused onmicroarray strategies to identify downstream targets of
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more mathematical concepts such as axes and patterns
and a period of necessary technological innovation, the
field can now move to embrace more fleshy subjects,
back to some of its original roots as Claude Bernard, the
father of experimental medicine, once put it (Bernard,
1865), “[La biologie] est un salon superbe tout resplen-
dissant de lumie`re, dans lequel on ne peut parvenir
qu’en passant par une longue et affreuse cuisine.” (Biol-
ogy is a superb and resplendent salon that one can only
reach by passing through a long and dreadful kitchen.)
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